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Treatment of highly concentrated C.I. Acid Black 210 dye solution
using direct coagulation/ﬂocculation–sand ﬁltration (without
sedimentation) and nanoﬁltration has been investigated in this
paper. It was found that none of the treatments were able to fully
decolourise the dye solution, but nanoﬁltration permeate quality
was better, based on colour, residual dye, pH, and total organic
carbon. The red colour for the sand ﬁltration ﬁltrate might be due
to the formation of stable aluminium–sulphonic acid complexes.
The sand ﬁltration breakthrough after coagulation/ﬂocculation is
estimated at around 45 min. For nanoﬁltration of highly concen-
trated dye (41000 mg/l), the separation factor analysis had
conﬁrmed that the mechanism of dye molecules attached to the
membrane surface is irreversible adsorption.
& 2013 The Authors. Published by Elsevier B.V.
Open access under CC BY license.1. Introduction
Colour that appears in industrial wastewater could be due to dye(s) application [55], plant
component i.e. lignin, tannin as well as its biodegradation product e.g. melanoidin [5]. The presence of
colourant in surface water is aesthetically undesirable and causes disturbance of the aquatic biosphere
due to reduction of sunlight penetration and depletion of dissolved oxygen. Some colourants are toxicier B.V.
: +60 883 20348.
im).
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properties, colourants can also contribute to the failure of biological processes in wastewater
treatment plants [55]. In some applications, coloured treated water is also not suitable for water reuse.
As the legislation related to environment is becoming tougher in many countries due to an increase of
public awareness, decolourisation of industrial wastewater requires much effort from scientists and
engineers to sustain the related industries. Generally, there are two decolourisationmethods: by destruction
of colourant molecules (e.g. chemical oxidation and bio-oxidation) and the other is by separation of
colourants from water (e.g. coagulation/ﬂocculation, sand ﬁltration and membrane separation). As they are
likely to be effective methods for decolourisation [56] and the concentrated colourant could be turned into a
useful product (e.g. compost [38] and brick [6]), two separations processes i.e. direct coagulation/
ﬂocculation–sand ﬁltration (CF–SF) and nanoﬁltration (NF) have been used in this study.
Slow sand ﬁltration is known as a simple option for water treatment and has a ﬁltration rate of
about 0.1–0.5 m3/m2 h [46]. Due to dyes' high solubility, ﬂocs that are generated from the coagulation/
ﬂocculation of soluble colourants are difﬁcult to settle [29]. After coagulation/ﬂocculation, sand
ﬁltration could remove colourant ﬂocs by attaching them to the sand grain or to previously retained
ﬂocs (ripening).
Performance of slow sand ﬁltration depends on the chemicals used for pre-treatment. Addition of a
metal coagulant has been reported to improve the removal of colour (measured as absorbance at
254 nm), turbidity and phosphorus [19]. Aluminium sulphate is reported to have minimal head lost
compared to AlCl3 and FeCl3 during direct coagulation-sand ﬁltration of efﬂuent from extended
aeration treatment [19]. However, the application of aluminium based coagulant alone is not sufﬁcient
during long term experiments. Polymer (e.g. low cationic polyacrylamide) was reported to enhance
direct sand ﬁltration performance by minimising the decline of turbidity removal before sand ﬁlter
became clogged [17]. It has also been reported that alum+cationic polymer increases the ﬁlter run
time and increases the ﬂow-rate [46].
In order to reduce the cost, direct coagulation-sand ﬁltration is preferable to coagulation-
sedimentation-sand ﬁltration. It has been reported that coagulation-sedimentation-sand ﬁltration has
double capital cost than direct coagulation-sand ﬁltration [2]. Several studies on colourants removal
via coagulation-sedimentation-sand ﬁltration have been reported [41,10,56] but published studies on
direct coagulation/ﬁltration-sand ﬁltration for coloured wastewater is lacking. Furthermore, greater
water recovery is possible by removing the sedimentation step.
Nanoﬁltration (NF) has been recognised as a key tool for wastewater recycle/reuse. Its application
for treatment of coloured wastewater have been reported by several investigators [15,45,11,7,26,57].
Nanoﬁltration (NF) is positioned between reverse osmosis (RO) and ultraﬁltration (UF) and its permeability
is around 1.5–30 l/m2 h bar. Nanoﬁltration membranes carry quite distinctive properties such as pore size
(1–5 nm) and surface charge density which inﬂuences the separation of various solutes. However, some
studies have reported that nanoﬁltration was unable to produce colourless permeate [55].
The objective of this study is to investigate the performance of CF–SF and NF processes towards
decolourisation of C.I. Acid Black 210 dye solution. Due to its extensive application in industry, the
treatment of C.I. Acid Black 210 dye was subjected to few studies e.g. chemical oxidation [18],
biological treatment [37,32], coagulation/ﬂocculation [54], coagulation-sedimentation-sand ﬁltration
[56] and direct nanoﬁltration [57].2. Methodology
2.1. C.I. Acid Black 210 dye
The Durapel Black NT (DBNT) dye (contain 430% C.I. Acid Black 210 dye) was purchased from
Town End (Leeds) plc, (United Kingdom) and used without further puriﬁcation. Sodium sulphate
generally used as diluents (personal communication with Dr Adrian Hayes, Technical Director, Town
End (Leeds) plc,). A dye mass of 20 g in powder form was dissolved in Milli-Q Plus, 18.2 MΩ cm
(Millipore) water to make 5 l solution at a concentration of 4000 mg/l [25,54,56]. The colour of dye
solution is visible at minimum concentration of 10 mg/l.
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For direct sand ﬁltration study, the sand grain was ﬁxed at 0.3–0.6 mm based on the previous ﬁndings
[56] and height about 350 mm. At this condition, the clean ﬁltration rate should be ensured to be around
1.0 m3/m2 h. Otherwise, more sand needs to be added to the column. This is because sand size distribution
might be wider. The solution after coagulation was fed slowly (about 40 ml in every 5min). Coagulation/
ﬂocculation procedures have been described in details elsewhere [54,25]. The coagulant and ﬂocculant aid
used is aluminium sulphate and low-medium molecular mass poly-diallyl-dimethyl ammonium chloride
(polyDADMAC), respectively. Normally after each experiment, the blend of sand-ﬂocculated dye would
strongly bind towards the glass wall. Thus, to clean the sand column, these steps were followed: (a) remove
the microsieve, supporter andmarbles. (b) 100 ml of 0.1 M NaOHwas fed following 100 ml of Milli-Q water.
2.3. Nanoﬁltration membrane—AFC80
The NF membrane used was commercially sourced AFC80 (Paterson Candy International Ltd., UK).
The AFC series are thin-ﬁlm composite membranes with a polyamide active ﬁlm. This ﬁlm is formed from
an aliphatic amide for AFC80. On the basis of the chemistry used, the membrane is expected to have free
acid groups and a net negative charge, though each may have some free amine groups present. Bowen and
Doneva [12] reported that the mean pore diameter for AFC80 was 0.68 nm while Warczok et al. [48]
reported the value was 3.51 nm. The pure water permeability is around 2.8–3.1 l/m2 h bar.
2.4. Tubular membrane system
The tubular membrane system was designed by CARDEV Ltd. [22] with further modiﬁcations
carried out on the system. The modiﬁed system consists of a feed tank (5 l working volume), pump,
and membrane housing (Fig. 1). The maximum inlet pressure is 5.2–5.3 bar and the system
automatically shuts down if the pressure exceeds 5.3 bar. The inlet pressure is controlled by an outlet
valve. This unit is ﬁtted with tubular nanoﬁltration membranes with inner diameter of 1.27 cm and
effective length of 28.6 cm. Thus, the calculated area of membrane tube is around 0.0114 m2. In this
system, the retentate is sent back to the tank. The pump used is from Mono Pump Ltd., Manchester
model CMM253/H13F and delivers a maximum transmembrane pressure around 4.3 bar. The pump is
ﬁtted with a motor from Brook Compton Ltd, Doncaster Model KP 7575. At the maximum inlet
pressure, the maximum ﬂow rate measured is 1 m3/h.Fig. 1. Tubular nanoﬁltration system.
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fouling factor
The procedures followed for the determination of normalised permeation ﬂux, product permeates
quality and irreversible fouling factor are outlined as:1. The membrane was soaked in RO water for 24 h before the ﬁrst permeation test with RO water.
The pump is switched on at maximum outlet valve opening for 2 min after placing 5 l RO water.2. The valve is slowly reduced until it reaches highest “unsteady” inlet pressure (inlet: 5.5 bar, outlet:
4.0 bar). After maximum inlet pressure, reduction of valve opening causes system to automatically
shut down.3. The system is then left for at least 2 h to minimise the compaction effect. Permeate and retentate
are returned to the feed tank.4. The outlet valve is then opened again to get the desired inlet pressure.
5. The pure water ﬂux (PWF) is determined by changing the inlet valve. The system is left until
steady state (50 min). The permeate volume for 20 min operation is measured. Temperature (θ)
was measured every 10 min. A minimum of three points at various transmembrane pressures
were obtained. The membrane permeability was determined by plotting pure water ﬂux (PWF)
against transmembrane pressure.
The transmembrane pressure (TMP) calculated as:
ΔP ¼ Inlet pressure þ Outlet pressure
2
ð1Þ
Normalised pure water permeation ﬂux (J25) is determined using the temperature correction as
stated by [1]:
J25 ¼ Jθexp ð0:0239ð25−θÞÞ ð2Þ
6. The pump is switched off and the RO water is then replaced with dye solution (5 l) and the system
is left for 50 min to achieve steady state condition. The zero time was begun after 50 min.
7. The UV/vis absorbance, pH and conductivity of permeate were taken at time 20, 40, 60, 80, 100
and 120 min after steady state condition was reached. The permeate was returned, after each
analysis, to the feed tank to maintain initial dye concentration.8. After collecting sample at 120th minutes, about 30 ml of permeate was collected, kept at 4 1C and
was analysed for TOC.9. The pump is then switched off and the dye solution was replaced with the tap water
(approximately 10 l). The pump was set at the lowest transmembrane pressure available
(maximum outlet valve opening). Both retentate and permeate were discarded.10. The pump was switched off and tap water was replaced with RO water. The pump is set at the
lowest transmembrane pressure (maximum outlet valve opening). Both retentate and permeate
are returned to the feed tank and were operated for one hour. The system then was left overnight.11. The membrane permeability was determined as step (5). The irreversible fouling factor deﬁnes as
IFF was determined as [52]:
Initial membrane permeability−Membrane permeability after cleaning with water
Initial membrane permeability
 100% ð3Þ2.6. Chemical cleaning
Before dismantling the membrane, about 10 l of 0.1 mM NaOH (pH 10.30) was passed through the
system without returning the retentate. The system was rinsed by about 10 l RO water. The main
purpose of this procedure is to minimise the dye stain attached on the surface of tubing/pump.
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sequence: 0.01 M HNO3 (pH 1.94), 0.0001 M NaOH (pH 10.30) and RO water for 60 min each.
The water permeability is then measured again. If the pure water permeability is greater than
1.5 l/m2 h bar; no membrane replacement is implemented. Then the membrane is dismantled and
stored in 20% glycerol (ACROS Organic)+1% sodium metabisulﬁte (ACROS Organic) solution to prevent
biological growth on the surface of the membrane [52].2.7. Physicochemical analysis
The pH and conductivity reading were measured using a Jenway 3540pH/conductivity metre.
The calibration was carried out daily at 20 1C. The buffer solutions (pH 4, pH 7 and pH 10) for pH metre
calibration were supplied by Fisher Scientiﬁc, U.K. Residual concentration of dye (without ﬁltering or
centrifuging) was analysed with a UV/vis-spectrophotometer, (UVmini-1240, Shimadzu) by measur-
ing the absorbance (315 nm). Before the absorbance was measured, the baseline ﬂatness and
wavelength accuracy for the UV-spectrophotometer were carried out daily. The absorbance was
measured using Milli-Q water as background and the concentration of dye was computed from
calibration curves preliminary determined at different pHs. If the reading of absorbance was greater
than 3.0, then the necessary dilution was made. After every experiment, the precision cell (10.00 mm,
quartz SUPRASILs (Hellma GmbH & Co., Germany)) was cleaned by soaking with methanol (HPLC
Grade, Fischer Scientiﬁc UK Ltd., United Kingdom) overnight. The values of the initial and ﬁnal
concentrations of the dye measured as outlined above were used to calculate the removal percentage
of the dye using Eq. (4).
Dye removal %ð Þ ¼ 100 C0−Cf
C0
ð4Þ
where: C0 is the initial dye concentration and Cf is the permeate dye concentration.
Total organic carbon (TOC) content was analysed by TOC analyser with autosampler (ASI-V) (Model
TOC-VCPH, Shimadzu). For estimation of dye's isoelectric point (IEP), the pH metre was placed in the
dye solution (100 mg/l) while stirring [51]. Then the 0.001 M HCl was added, the volume of HCl and
the solution pH was recorded. The isoelectric point (IEP) observed was around 7.0 [52].3. Results and discussion
3.1. Coagulation/ﬂocculation–sand ﬁltration (CF–SF) and nanoﬁltration (NF) performance
The molecule structure for C.I. Acid Black 210 dye is shown in Fig. 2. It contains three azo bonds
(–NQN–) and other functional groups: amino (–NH2), hydroxyl (–OH), nitro (–NO2) and sodium/
potassium salt of sulphonic acid (–SO3Na).
The full UV spectrum for untreated and treated dye is given in Fig. 3. It can be seen from this ﬁgure
that there are three distinctive peaks (λmax) i.e. 315, 460 and 610 nm. Similar full UV spectrum for non-
puriﬁed C.I. Acid Black 210 dye also have been observed by other works [28,18].N
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Fig. 2. Chemical formula for C.I. Acid Black 210 dye. (Reference: http://www.chemblink.com/products/99576-15-5.htm.)
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compounds e.g. naphthalene [18,31] while the peaks of 460 and 610 nm might be due to the medium
and large size unsaturated compounds, respectively [14]. From Fig. 3, the displacement of peaks 315
and 460 nm to high wavelengths for CF–SF and NF probably due to aggregation effect as been
reported by Dragan and Dinu [20].
Complete disappearance of peak 610 nm for CF–SF and NF might be due to higher interaction
between coagulant and/or sand surface and nanoﬁltration surface towards larger dye molecules [9].
However, incomplete disappearance of peak 315 and 460 nm might be due to the presence of low
molecular mass impurities.
In order to choose suitable peak for estimating dye removal, the CF–SF permeate was investigated.
It is found that the dye removal based on 315, 460 and 610 nm is 99.1%, 99.6% and 99.7% respectively
(Fig. 4).This result suggests that absorbance at 315 nm can be a good estimator for the residual as it
estimates the lowest removal of dye, which is in accordance with ﬁndings by Costa et al. [18].
From Table 1, the pH for CF–SF and NF permeate were around 4 and 8, respectively. The acidic SF
permeate is due to the presence of aluminium ions. In aqueous solution, Al3+ is strongly hydrated and
found surrounded by six co-ordinated water molecules in an octahedral conﬁguration. The high
Table 1
Raw dye solution (4 g/l) and permeate characteristics after coagulation/ﬂocculation–sand ﬁltration (CF–SF) and nanoﬁltration (NF).
Raw dye solution CF–SFa NFb
pH 9.2 4.0 8.3
Appearance Black Red Slightly greenish
Dye, mg/l 4000 36 12
TOC, mg/l 1120 21 3
Conductivity, m s/cm 4.9 8.1 1.1
a CF–SF conditions: aluminium sulphate: 2 g/l, polymer: 7 mg/l, loading rate: 0.6 m3/m2 h, height of media: 325–375 mm,
sand size: 0.3–0.6 mm, solution pH¼5.7.
b NF conditions: inlet pressure¼4.7 bar, solution pH¼10.0.
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tendency for protons to dissociate giving one or more hydroxylated species. Therefore the complexes
of Al ions in water act as weak acids [13].
Contrarily, the NF permeate pH is around 8.3 which is acceptable for water reuse [55]. It should be
stated that the pH feed (raw dye solution) is around 10. However, due to the highly concentrated of
dye; the charge effect have been reduced and hence the hydroxide ion (OH−) repulsion is low. In this
way, the OH− could pass through the membrane.
Permeate colour is important for discharging efﬂuent as well as for water reuse. From this study,
it appears that the permeate colour depends on each treatment. It can be observed that the SF and
NF permeate is dark red and slightly greenish, respectively (Table 1). The red colour might be due to
the formation of stable aluminium–sulphonic acid complexes [36] during chelation/complexation
reaction [33]. In another study, Costa et al. [18] found that pale yellow colour observed after C.I. Acid
Black 210 dye was oxidised using electrochemical oxidation. Earlier, Zahrim et al. [54] has proposed
the physicochemical reactions that occur during dye coagulation in an acidic pH as: Charge neutralisation due to aluminium hydrolysis product binding to the anionic sites such as
sulpho, amino and hydroxy groups in the dye molecule. Adsorption of the dye molecule on the amorphous metal hydroxide precipitates via van der Waals
interactions, hydrogen bonding etc. Complexation between the aluminium (III) and the dye molecules.It can be observed that the residual dye at CF–SF permeate is higher than at NF permeate as shown
in Table 1. Although, the ﬂocculated dye could attach to the grain surface and the existing deposits
[43], not all dye molecules tend to precipitate and become ﬂocs. The soluble complexes could pass
through the sand ﬁlter and consequently appear in the SF permeate. Apart from that, the attached
ﬂocs could be broken when the stress upon them is greater than their inter-ﬂocs bond [24]. A study
reported that the inter-ﬂocs bond can be improved using high charge density and high molecular
mass polymer [8]. The main mechanism for NF is sieving and surface charge effect, but at higher dye
concentration (which also contains a higher salt concentration), the surface charge effect is
reduced causing some of dye molecules to penetrate through the membrane layer. Using lower
concentration of dye as feed i.e. 100 mg/l, NF could reduce the dye to a ﬁnal concentration of 1.2 mg/l
(Zahrim et al., 2013).
The total organic carbon (TOC) at CF–SF and NF permeate were 21 mg/l and 3 mg/l, respectively
(Table 1) [57]. 12 mg dye/l contributes to 3 mg TOC/l, then 36 mg dye/l supposed to be 9 mg TOC/l.
However, the TOC for CF–SF permeate was much higher than the expected value (12 mg TOC/l more).
Therefore, the high TOC for CF–SF permeate is most probably due to the accumulation of unreacted
polymer in the permeate [16,40] as well as non-coagulated dye molecules. In another study, Polasek
and Mutl, [40] reported that the content of organohalogen increased by 40% when polyDADMAC was
y = 0.0772x + 2.6021
R² = 0.9998
0
50
100
150
200
250
300
350
0 1000 2000 3000 4000
C
/IF
F
C, mg/l
Fig. 5. Plotting of C/IFF vs. C.
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of high dosage of polymer would contribute to high residual polymer [34].
There is an increase in conductivity for CF–SF from 7.39 to 8.10 mS/cm (Table 1) which is due to
presence of unreacted aluminium sulphate [30]. On the other hand, the NF permeate conductivity is
1.1 mS/cm. This result agrees with the ﬁnding of Petrinic et al., [39] who studied nanoﬁltration of
printing dye wastewater. They reported that the conductivity removal was greater than 480% with
initial conductivity of 2.74–3.77 mS/cm. For an ideal process, the water conductivity should be less
than 1 mS/cm to avoid low quality dyed fabric [3].
Relationship between fouling factor (IFF) and initial concentration of dye (C) can be written as
follows [57]:
C
IFF
¼ 1
IFFmax
C þ 1
IFFmaxb
ð5Þ
By plotting ðC=IFFÞ vs. C as shown in Fig. 5, the FFmax and b were found to be 12.95% and 0.0297 l/
mg [57]. Gomes et al., [21] found that the afﬁnity for C.I Acid Orange 7 towards polyamide membranes
is 0.025 l/mg which is similar to values reported here.
Separation factor, RL can also indicate the level of adsorption [42]. RL is deﬁned as:
RL ¼
1
1þ bC0
ð6Þwhere b is the Langmuir constant, C0 the initial concentration of dye.
Value of RL indicates several level of adsorption:
If 0oRLo1 indicates favourable adsorption.
If RL41 indicates unfavourable adsorption.
If RL¼0 indicates irreversible adsorption.
If R¼1 indicates linear adsorption.In this study, the RL for initial concentrations of 100 mg/l, 1000 mg/l, 2000mg/l and 4000mg/l were
0.252, 0.033, 0.017 and 0.008 respectively; which indicates favourable adsorption for initial concentration
100 mg/l while irreversible adsorption for initial concentration of 1000 mg/l, 2000mg/l and 4000mg/l.
Adsorption of dye towards membrane surface could be due to van derWaals, hydrogen bond, dipole–dipole,
hydrophobic interaction, ionic and covalent bond. However, chemical adsorption (ionic and covalent bond)
is normally irreversible [4]. Van der bruggen et al. [44] reported that the irreversible fouling for strong acid
dye bath is 34%–45% depending on pore size and at higher pore size i.e. 0.8 nm, no product ﬂux was
obseved. The variation in irreversible fouling might be due to the presence of auxiliary chemicals such as
foam reducing agent, egaliser etc as well as the nanoﬁltration system used.
Fig. 6. Distribution of coagulated dye along the sand bed (A), the upper part (B) and the bottom part (C) (aluminium sulphate:
2 g/l, polymer: 7 mg/l, loading rate: 0.6 m3/m2 h, media height: 375 mm, sand size 0.3–0.6 mm).
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due to inability to produce colourless water. Based on several permeate parameters i.e. pH, residual dye, TOC
and conductivity, it seems that NF is better than CF–SF for pre-treatment of highly concentrated dye. NF as a
second stagemight be used as a possible post treatment. Fouling is themajor obstacle for implementation of
NF. Therefore, a study of NF fouling during dye ﬁltration is presented in this work. CF–SF may be employed
as a pre-treatment for NF [56]. Breakthrough is an important parameter for sand ﬁltration since it
determines the operating time before the sand needs to be replaced. A breakthrough stage could be
identiﬁed by the decline of the efﬂuent quality or excessive head loss-blockage which reduces the ﬁltration
rate [13].
3.2. Sand ﬁltration breakthrough
The loading rate for the sand ﬁlter was designed in this work to be 0.6 m3/m2 h was similar to the
work of Visscher, [47]. From an engineering perspective, a higher loading rate is desirable for treating
larger amount of wastewater due to a smaller footprint.
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and the concentration is reduced along the column. This distribution is similar for the carbon
distribution for slow sand ﬁlter that has been reported by Wotton [50]. Fig. 7 shows the evolution for
the permeate dye concentration and the colour appearance during acid dye ﬁltration (inset). From
Fig. 7 (inset), it can be observed that at 12 min the colour is slightly black. After that the colour turned
light red followed by a darker red appearance at the end of the experiment, which might be due to
the breakage of retained ﬂocs at the sand grain surface. By applying the optimum conditions for
coagulation/ﬂocculation–sand ﬁltration, the recorded ﬁltration rate was 0.1–0.24 m3/m2.hr (Fig. 8)
which can be classiﬁed as slow sand ﬁltration [46].
Typically, the removal processes within sand ﬁlters comprise three stages: a working-in stage
(characterised by a rapid decrease in efﬂuent colour with time, reaching a low, stable value),
a working stage (the effective (main) stage of ﬁltration giving satisfactory efﬂuent quality) and
a breakthrough stage [13]. Fig. 8 shows that the working-in stage for the sand ﬁltration was about
20 min. Initially, the rapid dye removal might be due to sand grain surface attachment. As the deposit
builds up, the pore between sand grains become narrower, therefore, further drop in ﬁnal dye
concentration in the ﬁltrate at 20 min of ﬁltration time was observed. This process is called “ripening”
process and the dye removal might be due to attachment to the deposit as well as sieving.
After ripening, the ﬁnal dye concentration in the ﬁltrate increases slowly and then, the ﬁnal
dye concentration reached steady concentration at40 mg/l. This might be due to the
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attachment of particles in a given layer of the bed leads to detachment and deposition in a
subsequent layer until efﬂuent quality decline occurs [23]. In this study, the decline of quality i.e. ﬁnal
dye concentration in the ﬁltrate440 mg/l is not observed but the ﬁltration rate showed a decline.
During 12 min of ﬁltration, it was determined that the ﬂow rate was 0.13 m3/m2 h and then it
was increased to 0.24 m3/m2 h. This occurred due to blockage causing an increase in the local velocity
due to narrower pore space. Then, the ﬁltration rate gradually declined until it reached 0.1 m3/m2 h at
45 min ﬁltration (Fig. 8). Therefore the breakthrough can be estimated at around 45 min.4. Conclusions
Treatment of highly concentrated dye solution using CF–SF and NF has been studied. It can be
concluded that hybrid treatment system is vital since none of the treatment able to fully decolourise
the dye solution. For NF, pore blocking and concentration polarisation are major contributors for ﬂux
decline at higher dye concentration. Finally, the sand ﬁltration breakthrough after coagulation/
ﬂocculation is estimated at around 45 min. Future works on alum and polymer dosage concentration
optimisation to reduce conductivity and TOC are necessary.Acknowledgements
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